Japan Gas-Chemical Company, Inc. (JGCC) has successfully developed anew xylene separation process in which four isomers are separated consecutively in high purity. Efforts in the development were chiefly concentrated on the perfect separation of m-xylene to which little attention had been paid in conventional processes.
Introduction
Our basic research of xylene separation by HF-BF3 began in 1962. Our pilot plant went into operation in April 1966 and in November 1968 our Mizushima plant went on stream. In conventional processes, the differences in physical properties existing among the isomers are utilized in their separation. p-Xylene (PX) is separated by crystallization followed by filtration. The temperature required in the first stage for Pilot Plant for Extraction, Decomposition and Isomerization Ethylbenzene (EB) and 0-xylene (OX) are separated by super-fractionation. m-Xylene (MX) may be separated by sulfonation but this would never be positively adopted in combination with the separation of the other isomers.
JGCC had a strong desire to separate not only p-xylene, but also the remaining three xylene isomers. With this objective we launched on the separation of m-xylene which usually amounts to almost half of commercially available xylene mixture. 2 The flow sheet of the whole plant for the production of four xylene isomers is given in Fig. 5 . It is a simplified flow sheet of our Mizushima plant. Sections drawn in fine lines consist of two fractionators for ethylbenzene and 0-xylene and crystal separation for p-xylene which are conventional units. HF-BF3 treatment sections are drawn in bold lines consisting of three major units-extractor, decomposer, and isomerizer. of a solution in excess of HF, where vapor pressure of the system is not a matter of importance. This is the way adopted by other investigators.
Our case is no exception.
To clarify the phenomena taking place in the extraction process, three kinds of simple illustrative experiments concerning the interaction of HF-BF3 with p-and m-xylene mixture are given below. 3 agitation.
The number of moles of BF3 is suitably chosen to keep the mole ratio of HF to BF3 between 0.03 and 0.3. Unless the degree of agitation becomes insufficient, the feeding pressure of BF3 gas can be lowered to that slightly higher than the vapor pressure of the system which is 5 atms at maximum.
The absorption of BF3 seems to be determined by the diffusion rate. The injection and agitation of gas are stopped at the same time.
Before the settling time reaches one minute the hydrocarbon and HF layers are completely separated from each other. The density of HF layer does not differ much from that of pure HE Therefore the acid phase always makes up the lower layer.
The volume of HF This process, which we call "complex formation", can be expressed by eq. (4) which may be broken down to the elementary steps written in eq. (1) to (3) . Two series of similar equations can be written for p-and m-xylene, and competition between the two isomers takes place.
The process of change in the state is schematically shown in Fig. 1 , while the material balances are written in Table 3 . After the addition of 0.5 mole of BF3, 0.68 mole of xylene is extracted in HF (dissolved in HF by complex formation). A small amount of BF3 and HF is dissolved in the hydrocarbon phase, so they are ignored. m-Xylene content is 66.1% in the acid phase and 41.6% in the hydrocarbon phase. Selectivity for m-xylene is not so large but obvious. In the acid phase, 0.68 mole of xylene (0.23+0.45) is extracted, accompanied by 0.5 mole of BF3. The ability of BF3 to bring xylene into the HF phase is obtained by dividing 0.68 by 0.5, giving a value of 1.36. This quantity is as important as the In our continuous extraction, this complex formation takes place at the top of the extractor.
Complex Exchange Reaction
The next essential step is explained in the following illustrative experiment.
At the beginning, the vessel contains acid phase dissolving xylene complex rich in p-xylene, but there is no hydrocarbon phase contacting it. Into this vessel, a p-and m-xylene mixture which is rich in mxylene is added while stirring.
After proper agitation, for instance, 30sec., the system is brought to a standstill. The two layers separate in a manner similar to that in the former experiment. Concentration of xylene isomer is different from that of the initial state. The change of state and the material balance are shown in Fig. 2 and Table 4 respectively. By adding 60% m-xylene to the initial acid layer, m-xylene in the added hydrocarbon goes into the acid phase and pushes p-xylene out of it. The m-xylene content in the resulting extract is 70%. The result of this experiment means that when a HF phase containing a certain amount of complex thoroughly comes in contact with a mixture having a xylene composition different from that of equilibrium, an exchange of xylene isomers rapidly takes place and a new liquid-liquid equilibrium is established. The reaction or the change of state is given by eq. (7) which is derived from eq. (5) and (6) .
Thermodynamically, there is no significant difference between this experiment and the former. But we call this "complex exchange reaction". We think this reaction takes place in the extractor from top to bottom. In the case of conventional extraction, this process is deemed merely as mass transfer between two phases driven by concentration difference. The value of relative K(Kr) in table 1 is the equilibrium constant for these complex exchange reactions and often called relative basicity.**) added as diluent to an equilibrium system of HF-BF3 and xylene.
The initial system is chosen to be the same as the resulting mixture of the complex exchange experiment. By addition of diluent, a certain amount of p-xylene in the acid phase is pulled out to the raffinate phase as shown in These phenomena may be understood that the physically dissolved portion of xylene (not in the form of complexed xylene) in the acid phase is pulled out to the hydrocarbon phase by addition to 1.12 while selectivity for m-xylene increases.
The role of diluent is the same as a counter solvent in the ordinary extraction.
Important profiles of HF-BF3 extraction derived from the preceding three different experiments are summarized as follows:
(1) Complex is formed at the instance of BF3 gas absorption. In other words, the complex formation rate seems to be controlled by the diffusion rate.
(2) When the system comes to a standstill, the two layers separate in a matter of seconds.
(3) When HF and hydrocarbon layers come in contact with mixed xylene with a composition different from that of hydrocarbon layer, a xylene isomer exchange reaction takes place and its rate also seems to be diffusion-controlled. Table 6 Definitions (4) When saturated hydrocarbon coexists in the system, the selectivity for m-xylene increases.
Various Experiments
Since a brief kinetic survey informs us that the interphase mass-transfer rate might be diffusioncontrolled, it became necessary as the next step to collect the basic liquid-liquid equilibrium data (apart from the mechanism) for the design and engineering of the extractor. A good number of experiments to measure liquid-liquid equilibrium relationship were carried out. The technique adopted is similar to those explained in the preceding section. Some additional experiments were carried out to know the extent of chemical reactions which may occur during the extraction, some of which are to be inhibited. They are disproportionations generally indicated by eq. (8), transalkylations (9), and isomerizations (10).
It is known that these reactions take place with ease in the presence of HF and BF3, particularly in the case the alkyl groups are ethyl or those having more carbon atoms2)-4). However, none of these reactions are proved to proceed more than 0.5% in the extraction operation at the temperatures above aromatics is involved are also confirmed not to proceed.
Essential Process in Decomposition
Decomposer is an unit where extract is separated into HF and BF3 and m-xylene in the form of liquid hydrocarbon. The possibility of this process depends on the perfect reversibility of the complex formation reaction eq. (4), and the process is expressed by eq. (11), and (12).
The decomposition of the complex according to eq. (11) requires a heat input of about 10 kcal., but it seems that there is no evidence for excess activation energy, and this process is quite similar to vaporization, therefore the apparuatus is also similar to a distillation column. The extent of HF vaporation is controllable by heat input to the decomposer.
Side Reactions
The temperature of the complex may rise to some extent during decomposition. This leads to the possibility of occurrence of side reactions like eq. (8) and (10), especially the latter is faster in case of methylsubstituted benzenes. However, the extent of m-xylene isomerization can be depressed below 0.2% by minimizing the residence time of complex. On the contrary, if desired, m-xylene can be isomerized. Fluorination of aromatics does not take place in any way, because total fluorine in the recovered xylene is less than 1ppm. in the acid phase at a reaction equilibrium depends upon the condition given to the system, i. e., BF3 to xylene mole ratio in the acid phase, species of diluent added to the system (benzene, toluene, hexene, etc.).
Reaction rate is found roughly proportional to the amount of BF3. The necessary and suftwo major merits of low utility consumption and high p-to 0-xylene ratio in the isomerizate. P/O ratio of about 1.2 is attained, while in the conventional process this figure lies between 1.0 to 0.9. The fact that a reaction proceeds in the presence of acid phase and 0-xylene gives a good amount of m-xylene prior to the production of p-xylene, and vice versa, indicates the reaction scheme may be written as follows:
Thermodynamic restriction for the formation of ethylbenzene is less than 2% at the isomerization temperature, but the actual amount of ethylbenzene found in the isomerizate is less than 0.1%. This will probably be due to some kinetic reasons. C8 yield per pass is more than 99.5%. In spite of a relatively high temperature in our system, fluorination does not also take place. 3 In a process shown in Fig. 5 , four xylene isomers are produced from C8 fraction obtained by conventional extraction like Udex, Sulfolane, etc.
Benzene, toluene, and C9+ may be present in the feed stocks. Desired amount of m-and 0-xylene can be converted to p-xylene.
Description
All the units are continuously operated. The feed is mixed with isomerizer effluent and charged to the m-xylene extractor. m-Xylene is countercurrently extracted by HF-BF3 in the extractor.
Ueno: Japan Gas-Chemical Xylene Separation Process Raffinate is charged to the light ends removing tower. After separating benzene and toluene, raffinate is sent to the fractionation section. 0-Xylene and ethylbenzene are separated by a series of fractionations.
Concentrated p-xylene is recovered at the bottom of the ethylbenzene fractionator and charged to a crystallizer operating at A small amount of mother liquor may be recycled either to the fractionation section or to the extraction section. JGCC process is also applicable with some of its units isolated. One example is to locate mxylene extraction section prior to an existing xylene separation plant to double the capacity (throughput) with minimum additional remodeling. The other example is the application of the isomerizer.
JGCC isomerization is proved to be superior by its low temperature level resulting in low utility cost, high P/O ratio, and high C8 yield. 6 Licensor and Sales Agent Process licensor: Japan Gas-Chemical Company, Inc.
Sales agent: The Badger Company, Inc.
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